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Multilingual Speech-to-Speech Translation (S2ST) systemが挙げられる [4]．本システム
は携帯電話のアプリケーションとしても応用され，すでに実用化されている．その他，講
義やプレゼンテーションの翻訳を行うLecture Translator，天気予報の翻訳を行うDARPA





















性別 男性 19名，女性 8名
職業 大学生 18名，社会人 9名
















































































































1 This was easy for us.
2 Is this elevator going up or down?
3 Please take this dirty table cloth to the cleaners for me.
4 Of course you can have another tunash sandwich.
5 They are running fast.
6 Should giraes be kept in small zoos?
7 Isn't it wonderful weather!
8 According to my interpretation of the problem, two lines must
be perpendicular.
9 She put everything into a large bag.



























差を求めたものを図 2.3に示す．評価 1と評価 5の標準偏差値が非常に大きく，また f0分
散値も大きいことがわかる．これは評価 3付近の中間は被験者全体であまり差はないが，
聞き取りにくい・聞き取りやすい英語に大きな個人性が表れていることを意味している．





































































































図 2.3: f0分散の平均値と評価の関係 (± SD)
2.1 要素の調査 13






















































すると異なる話者の声に聞こえてしまうため，次式で置換目標の音声の f0値 faを f 0aへ変
換してから置換を行うことにする．




(i = 1;    ; N) (2.1)
2.2 音声置換実験 15
ここで，faiは faの iフレーム目，N は faの総フレーム数，fbは変換対象の音声の f0値，
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変換パターン スピーチレート f0遷移 無音区間挿入
A ● - -
B - ● -
C ● ● -
D ● - ●
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したものの平均値，は微小量を表す．またパワー遷移 pi (i = 1;    ;M)を
pi = log(y
2





















































後の音声波形である．音声の発話内容はBricks are an alternative.であり，464msにある
Bricksと areの単語境界および 702msにある areと anの単語境界に無音区間が挿入され
ている．
3.1 音声変換手法 24









































3. 英文全体の根ノードから出発し，i番目から i+ 1番目の単語を導出する部分木
4. 英文全体の根ノードから出発し，i+ 1番目からN 番目の単語を導出する部分木
例として，図 3.2において i = 3として 3番目の単語 easyの直後に無音区間があるかどう

































































ネルを用いた SVMを用いる [13]．木カーネルは，簡単に言えば 2つの構造木に共通する
部分木の数を返すカーネル関数である．ただし，ここでの部分木は葉ノードを含まない部
分木までを扱う．これらを subset tree (SST)と呼び，その一例を図 3.6に示す．枠で囲ま
れた木の SSTは，その木自身を含め，全部で 10個である．
木カーネルによる計算を具体的に述べる．任意の木の SSTの集合を ff1; f2;    g = F
とし，ノード nが fiの祖先として支配する場合に 1，それ以外なら 0を返す関数 Ii(n)を














1. ノード n1と n2の子ノードが異なる場合
(n1; n2) = 0 (3.5)
2. ノード n1と n2の子ノードが同じで，それらがどちらも葉ノードの場合
(n1; n2) =  (3.6)
3. 1にも 2にも当てはまらない場合
(n1; n2) = 
nc(n1)Y
j=1

































図 3.6: subset trees (SSTs)の例
3.2 音声変換モデル 29
nc(n1)はノード n1における子ノード数を表し，cjnはノード nの j番目の子ノードを表す．


























































































































































被験者 減衰係数  無音区間識別率 非無音区間識別率
A 0.9 56.4% 80.4%
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N 個の訓練データ x1;    ;xN と，それぞれに対応する目標値 t1;    ; tN(tn 2 f 1; 1g)
があるとする．ここに，特徴空間変換関数 (x)を用いた線形識別関数








2次元の場合，すなわち (x) = (x01; x02)における例を示す．(a)のように，境界面は無数
に存在するが，マージンを最大とする境界面は (b)となり，一意に定まる．

































式をラグランジュ乗数 an( 0)として適応したラグランジュ関数 L(w; b; a)は






anftn(wT(xn) + b)  1g (4.6)

























an  0 (4.10)
NX
n=1







T(xn) + b (4.12)
となる．さらにKarush-Kuhn-Tucker条件（KKT条件）から
an  0 (4.13)
tny(xn)  1  0 (4.14)
anftny(x)n   1g = 0 (4.15)
という 3式が導かれる．これはすべての訓練データについて an = 0もしくは tny(xn) = 1
のいずれかが成り立つことを意味している．an = 0が成り立つ訓練データについては式
(4.12)中の和の項に出現しないことと等価であるため，新たな特徴ベクトルの識別には影
響を与えない．すなわち残りの tny(xn) = 1を満たすデータのみ影響し，これらは特徴空
間のマージン上に存在するデータである．これらをサポートベクトルと呼ぶ．



























n = jtn   y(xn)j (4.17)
とし，そうでない時を n = 0とする．このとき，境界面 y(x) = 0上のデータは n = 1，





























ここで an( 0); n( 0)はラグランジュ乗数であり，KKT条件は以下のようになる．
an  0 (4.21)
tny(xn)  1 + n  0 (4.22)
an(tny(xn)  1 + n) = 0 (4.23)
n  0 (4.24)
n  0 (4.25)
























0  an  C (4.31)
NX
n=1




tny(xn) = 1  n (4.33)
47
さらに an < Cが成り立つ場合は停留点の条件からn > 0; n = 0であるので，これはマー
ジン境界上に存在する．同様に an = Cが成り立つ場合はマージン内に侵入し，n  1で
は正しく分類され，n > 1の場合は誤分類されることになる．












































 linear: K(x1;x2) = xT1 x2
48
 polynomial: K(x1;x2) = (xT1 x2 + r)d;  > 0
 radial basis function (RBF): K(x1;x2) = exp( jjx1   x2jj2);  > 0
 sigmoid: K(x1;x2) = tanh(xT1 x2 + r)











1. This was easy for us.
2. Those thieves stole thirty jewels.
3. Jane may earn more money by working hard.
4. She is thinner than I am.
5. Nothing is as oensive as innocence.
6. Where were you while we were away?
7. He will allow a rare lie.
8. Swing your arm as high as you can.
9. Before Thursday's exam, review every formula.
10. The museum hires musicians every evening.
11. A roll of wire lay near the wall.
12. Carl lives in a lively home.
13. When all else fails, use force.
14. Although always alone, we survive.
15. Only lawyers love millionaires.
16. Did dad do academic bidding?
17. Help Greg to pick a peck of potatoes.
18. Coconut cream pie makes a nice dessert.
19. Only the most accomplished artists obtain popularity.
20. Critical equipment needs proper maintenance.
21. Young people participate in athletic activities.
22. Stimulating discussions keep students' attention.
23. Biblical scholars argue history.
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24. Elderly people are often excluded.
25. Basketball can be an entertaining sport.
26. Catastrophic economic cutbacks neglect the poor.
27. Her classical repertoire gained critical acclaim.
28. Even a simple vocabulary contains symbols.
29. The eastern coast is a place for pure pleasure and excitement.
30. We experience distress and frustration obtaining our degrees.
31. The legislature met to judge the state of public education.
32. Chocolate and roses never fail as a romantic gift.
33. Any contributions will be greatly appreciated.
34. Regular attendance is seldom required.
35. Challenge each general's intelligence.
36. Last year's gas shortage caused steep price increases.
37. Upgrade your status to reect your wealth.
38. Did you eat lunch yesterday?
39. Spring Street is straight ahead.
40. An ocial deadline cannot be postponed.
41. Doctors prescribe drugs too freely.
42. It's impossible to deal with bureaucracy.
43. Good service should be rewarded by big tips.
44. My instructions desperately need updating.
45. Cooperation along with understanding alleviate dispute.
46. Cement is measured in cubic yards.
47. Hispanic costumes are quite colorful.
48. Primitive tribes have an upbeat attitude.
49. Flying standby can be practical if you want to save money.
50. The Thinker is a famous sculpture.
51. A large household needs lots of appliances.
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52. Cut a small corner o each edge.
53. Youngsters love corn candy as a treat.
54. Guess the question from the answer.
55. Project development was proceeding too slowly.
56. Special task forces rescue hostages from kidnappers.
57. Call an ambulance for medical assistance.
58. Few people live to be a hundred.
59. The best way to learn is to solve extra problems.
60. His sudden departure shocked the cast.
61. Combine all the ingredients in a large bowl.
62. Westchester is a county in New York.
63. Articial intelligence is for real.
64. The emperor had a mean temper.
65. He ate four extra eggs for breakfast.
66. We plan to build a new beverage plant.
67. Publicity and notoriety go hand in hand.
68. December and January are nice months to spend in Miami.
69. Scientic progress comes from the development of new techniques.
70. The clumsy customer spilled some expensive perfume.
71. Too much curiosity can get you into trouble.
72. Correct execution of my instructions is crucial.
73. The previous speaker presented ambiguous results.
74. Orange juice tastes funny after toothpaste.
75. The water contained too much chlorine and stung his eyes.
76. The government sought authorization of his citizenship.
77. They remained lifelong friends and companions.
78. Employee layos coincided with the company's reorganization.
79. She encouraged her children to make their own Halloween costumes.
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80. Why else would Danny allow others to go?
81. They often go out in the evening.
82. Who authorized the unlimited expense account?
83. Destroy every le related to my audits.
84. Withdraw all phony accusations at once.
85. Straw hats are out of fashion this year.
86. Why buy oil when you always use mine?
87. Would you allow acts of violence?
88. Young children should avoid exposure to contagious diseases.
89. How much allowance do you get?
90. Even I occasionally get the Monday blues!
91. Military personnel are expected to obey government orders.
92. Only the best players enjoy popularity.
93. I gave them several choices and let them set the priorities.
94. The news agency hired a great journalist.
95. The small boy put the worm on the hook.
96. Put the butcher block table in the garage.
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